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Genetic variation at twelve loci which code for enzymes and 
non-enzymatic protein has been studied by means of starch gel electro-
phoresis in two apparent species of the pelecypod genus Transennella, 
Variable allozymes include esterase, leucine aminopeptidase, malate de-
hydrogenase, phosphoglucose isomerase, tetrazolium oxidase, and non-
enzymatic protein, Observed allele frequencies for these systems are 
in close agreement with Hardy-Weinberg expectations indicating that these 
protandric hermaphrodites are outbreeding. The genus is characterized 
by two di~tinct morphotypes which differ in shell shape and pigmentation. 
Genetic similarity (I) and genetic distance (D) statistics were computed 
for the two morphotypes and for two populations of each morphotype. The 
I and D values derived from intraspecific comparisons of Transennella 
tantilla populations are 0.99 and 0,004; for Transennella sp., the I 
value is also 0.99 and D is 0,002. The I and D values obtained from in-
terspecific comparisons (T. tantilla versus T, sp.) are 0,521 and 0,650 
respectively. An extensive survey of the phosphoglucose isomerase system 
was conducted to evaluate microgeographic variation and age-dependent 
frequency selection at this locus. Differences in allele frequencies 
were found to be non-significant, suggesting that this locus is without 
selective import, or that selection for a particular genotype is too 
slight to be detected with the sample sizes employed, The amount of 
genetic divergence found between the morphotypes is comparable to inter-
specific estimates made for a variety of invertebrate species. The 
results indicate that the morphological divergence apparent in the two 
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Recently the techniques of gel electrophoresis have been exten-
sively applied to measure the amount of genetic variation in natural 
populations. Since the first quantitative estimates of heterozygosity 
------ ------
in the genome of a species (Lewontin and Hubby, 1966), many others 
r=--
have followed (reviewed in Lewontin, 1974; and in Ayala, 1976), all in-
dicating magnitudes of genetic variability inconsistent with classical 
population models of balanced load. 
The advent of this technique has made it finally possible to: 
1), obtain quantitative estimates of the genetic variability within and 
among populations of a species; 2), study spatial and temporal patterns 
of genetic variation within and among populations of a species (Selander 
et al,,l969, 1971; Avise and Selander, 1972; 'iioodruff, 1975; and Johnson 
et al., 1977); 3), determine the degree of genetic similarity among dis-
junct populations of a species and among different taxonomic levels 
(Avise, 1974); and 4), test conflicting hypotheses about factors deter-
mining genetic variability in natural populations (Kimura, 1969; Kimura 
and Ohta, 1971; and Lewontin, 1974). 
This study is an attempt to characterize the genetic structure 
of two apparently sympatric species of the pelecypod genus Transennella 
~-- ---
by means of electrophoretic analysis. The taxonomic status of West Coast 
Transennella is not well defined at present. There are two distinctive 
morphological types recognized; one is apparently Transennella tantilla 
as described by Hansen (1953) and Narchi (1971). The other has not been 
1 
2 
formally described on this coast, but Coan and Carlton (1975) consider 
the morph to be a separate species. 
The approach to the electrophoretic analysis was as follows. 
Initially, an extensive single locus investigation was performed on Law-
son's Flat populations, Three size classes at each of three tidal eleva-
tions were surveyed at the phosphoglucose isomerase (PGI) locus by 
methods described in a subsequent section. A series of preliminary 
assays indicated that this well resolved allozyme system is diagnostic 
for each of the morphotypes studied; that is, no allele common to both 
forms was observed. It was anticipated that the analysis would provide 
information on microgeographic variation in the distribution of the 
genotypes, A multilocus approach was applied in an attempt to evaluate 
accumulated genetic differences between the two morphological types. 
Clams for the multilocus investigation were collected from both Lawson's 
Flat and Bodega Harbor. This multilocus approach stems from an interest 
in the differences in morphology and the lack of similarity at the PGI 
locus which distinguishes the two morphs observed in this genus. The 
specific questions posed in this phase of the study were: 1), how much 
variation exists within the gene pool of Transennella populations; 2), 
what genetic differentiation exists among populations of Transennella 
inhabiting Lawson's Flat and Bodega Harbor; and 3), does the genome of 
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MATERIALS AND METHODS 
Field sampling methods 
The specimens of Transennella used in the first part of this 
study were collected from Lawson's Flat, a large intertidal sand flat 
located near the mouth of Tomales Bay, California. The sampling area 
is located in the northwestern portion of the flat and was essentially 
that used by Obrebski (1968) in his study of the population ecology of 
Transennella. A surveyor's transit was employed to establish the upper 
and lower limits of the sampling area, which ranged in height from 
+3.5 ft to -0.4 ft. The study area from which all samples were collect-
ed was 105 m in length and 15 m in width. A graduated transect line 
stretched between stakes marking upper and lower limits was used to es-
tablish the exact location of these areas prior to each sampling 
effort. 
The specimens used for the single locus investigation (PGI) 
were collected during February 1976 from these tidal levels within the 
transect: the upper limit, mid-range and lower limit. In order to inves-
tigate the possibility of size dependent changes in allele frequencies, 
three sizes of each of the two morphotypes were selected for study 
(Table 1). The selection of these sizes was based upon the most frequent 
modal sizes determined from population density data collected in late 
January 1976 (data unpublished). The clams for electrophoretic study 
were maintained alive in running seawater at the laboratory until the 
day of analysis. 
3 
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For the multilocus investigation, samples were collected from 
both Lawson's Flat and Bodega Harbor. Lawson's Flat clams were taken 
from the same study area as for the single locus (PGI) study. Bodega 
Harbor is a large sand flat located at the mouth of Bodega Bay which is 
approximately six miles north of Lawson's Flat at Tomales Bay. For this 
part of the survey, samples ~<ere randomly collected from both sand 
flats without distinction as to size class or tidal level. 
Populations sampled 
Because the taxonomic status of these morphs is presently un-
certain, observations of their morphological differences and similari-
ties are briefly presented here. 
Transennella tantilla is an ovoviviparous protandrous hermaphro-
dite which utilizes the demibranchs as brood pouches (Hansen, 1953). 
Consistent ~<ith the observations of Hansen, embryos were found in all 
stages of development, from fertile eggs to miniatures of the adult. 
Juveniles liberated from the parent average about 0.5 mm in length; dis-
persal of juveniles is accomplished by ~<ave and current action. The 
adults of T. tantilla were observed to attain a maximum size greater 
than 7 mm. The largest individual observed during this study was 7.7 mm 
long by 7.1 mm high. The shell ofT. tantilla is ovate, cream colored, 
and smooth except for weakly concentric growth rings. A conspicuous 
band of blue-brown pigment is present on the posterior aspects of the 
shell. The area pigmented may range from near absence to total; on most 
of the individuals examined, the coloration involves the posterior 
third of the shell. A detailed description of the functional morphology 
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Virtually all specimens greater than 3.2 mm carry brood. This 
applies to specimens observed during the summer and winter months. The 
most mature members of the brood in T. tantilla bear the posterior pig-






parent was observed in August 1975 and 1976. However, small clams were 
found in samples during all intervening months (unpublished data). 
Except for the brief note by Coan and Carlton (1975), formal 
description of .:!_. sp. has not been found in the literature. The most 
conspicuous differences between the two morphotypes are shell coloration 
----------
and shape. The shell of .:!_. sp. is uniformly white with no apparent in- '=-
ternal or external pigmentation. Transennella sp. is more triangular 
than .:!_. tantilla, a characteristic which is more obvious in larger 
specimens. A more precise evaluation of shape differences between the 
morphs was obtained by means of regression analysis and subsequent 
analysis of slopes. For the former analysis, length measurements were 
regressed against height for samples of each morph; results of each are 
highly significant (Table 2). Results of the analysis of slopes 
c-----
(Fs = 56.7) demonstrate that the length-height relationships between 
morphs are highly significant. 
The reproductive habits and brooding schemes of the morphs are 
virtually identical. Transennella sp. maintains brood of all develop-
~-
mental stages between the demibranch and periods of brood release were 
concordant with that of .:!_. tantilla; further, similarity of size dis-
tribution of the populations during the period of August 1975 through 
August 1976 was observed (unpublished data). 
Despite the obvious differences of T. sp. from its congener, 
neither Obrebski (1968) nor Narchi (1971) mention this form in studies 
------------
6 
conducted on Lawson's Flat populations. Obrebski (personal communica-
tion) believes that this morphotype has recently appeared in the area. 
Electrophoretic methods 
Gels for electrophoresis were prepared using a starch prepara-
tion from Sigma Chemical Company according to the methods modified from 
Hedgecock et al. (1975). The starch was added dry to a side arm vacuum 
flask. The appropriate gel buffer, heated to boiling, was then poured 
into the flask (final concentration- 12:100; w:v). The mixture was 
subsequently swirled until mixed, degassed with an aspirator, and poured 
~- ----------
into a 25 x 20 x 1 em plexiglass frame. After cooling, gels were ~ -_ 
1'-- --
covered with plastic wrap and cured at room temperature overnight. 
Preparation for electrophoresis involved grinding whole clams 
including shells with equal volume gel buffer in a microhomogenizer set 
within an ice bath. Initially, each clam was opened and soft parts re-
moved for use but subsequent testing showed that this time-consuming 
step was unnecessary, as the shell introduced no artifacts. The homo-
genate was stored at 4° C overnight, until samples were taken for elec- -----
trophoresis the next morning. A small amount of each homogenate was 
t_;--------
absorbed into a 6 x 10 mm piece of Whatman filter paper. These wicks 
-----
were then inserted into a slot made lengthwise in the gel. Each gel 
held a maximum of 35 samples, each representing an individual clam. The 
gel was then set on buffer trays containing platinum electrodes. Contact 
between gel and electrodes was effected with sponge wicks, which were 
laid across each end of the gel and inserted into the electrode tray. 
Current was supplied from a Heathkit D.C. power supply. All runs were 




After completion of each run (3-5 hours), gels were sliced ". 
horizontally into four sections, each 2 mm thick; each slice was added 
to a solution containing substrate and stain specific for the enzyme Fi- -_--
being assayed. The gels within the staining solution were incubated at 
37° C until the enzyme bands appeared. The buffers, stains, and addition-
al procedures for enzyme assay were adopted from procedures presented 





SINGLE LOCUS INVESTIGATION 
In a large population, genotypic frequencies are predicted by 
the Hardy-Weinberg equilibrium which assumes conditions of panmixia in 
the absence of inbreeding, migration, selection and genetic drift. The 
2 
goodness of fit to Hardy-Weinberg expectations is tested by X analy-
sis. The null hypothesis is that the observed genotypic frequencies do 
not differ significantly from those predicted by the Hardy-Weinberg 
Law. Significant deviations from expectation suggest that one or more 
of the aforementioned factors is operating. However, the test does not 
specify which of these factors may be operating. 
The variation in genotype frequencies between the samples is 
evaluated using the G-test of independence. A total of nine groups were 
analyzed: three size classes at each of three tidal levels. 
For the PGI activity, the locus coded for two alleles in 
T. tantilla and three in I• sp. The enzyme is evidently diagnostic for 
each of the morphs; over 1200 individuals were assayed at this locus 
during the study, and no allele common to both forms was observed. Each 
of the morphs also displayed bands from another locus coding for the 
same enzyme. In both forms, this faster migrating,faintly staining 
zone of activity was observed to be monomorphic. In PGI analyses, ·homo-
zygotes were inferred from single intensely staining bands whereas 
heterozygotes displayed the three banded structure typical of dimeric 
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9 
Comparisons of the observed genotype frequencies with Hardy-
I>Jeinberg expectation are summarized in Tables 3a and 3b. The analysis 
of genotype frequencies .was extended to these data pooled by sizes 
(Table 4a), by levels (Table 4b), and by total for all assays (Table 4c). 
ForT. sp., these pooled data are presented in Tables Sa, Sb and Sc. 
r· 
None of the samples were observed to deviate significantly 
from expectation, suggesting that with respect to interpretation of the 
enzyme system, the genotypic frequencies conform with the expectations 
of Hendelian genetics. Following generally accepted practice in nomen-
-----------
clature, alleles are written as superscripts over the symbol represent-
ing the gene (Fig. 1). At each locus, the most frequent allele is 
designated 100; others coded by the same locus are designated by ref-
erence to that standard, adding to or subtracting from 100 the distance 
of migration in millimeters that the allele migrated relative to the 
standard. 
The PGI frequencies were not found to deviate significantly 
within the various samples for each of the morphs. This indicates that 
each of the individual samples is representative of the gene and gena- b---
type frequencies of a large, randomly mating population. Although gene 
frequencies do not differ significantly within the samples, there is no 
assurance that there is a lack of population subdivision. This sub-
division often results in a heterogeneous distribution of gene frequen-
cies between subpopulations. The following procedures were employed 
to test for this. 
ForT. tantilla, an RxC test of independence on the unpooled 
data showed it to be non-significant with respect to gene frequencies 
(9x2; G=6.89; df=8), and genotype frequencies (9x3; G=lO.Ol; df=l6). 
==---=-~ ·- - - ----
-----·---~~---- ---- ----
10 
This homogeneity of gene and genotype frequency remained non-signifi-
cant when the data were pooled by certain.!! priori assumptions, i.e. 
single samples of each size across three areas (Tables 6a,b); and sam-
plea of three sizes within each area (Tables 7a,b), As an alternate 
means of analysis, use is made of the normal approximation to the bi-
nomial and taking for example, p1 ± 1.96Sp as confidence limits, it is 
evident that the limits are overlapping and therefore is likely that 
the samples have been drawn from populations having similar p values 
(Fig. 2), 
The results observed for !• sp. are similar to those for 
T. tantilla. Goodness to fit tests of observed versus expected genotype 
frequencies are all non-significant. An RxC test of unpooled gene fre-
quencies (9x3; G=17; df=16) shows that these frequencies are indepen-
dent of the effects of tidal height and size. For statistical reasons 
101 
(Li and Horvitz, 1953), the frequency of the rare allele PGI ,which 
never exceeded a frequency of 0.03 in the samples, is combined with 
the most common allele PGr105 ; this circumvents the problem presented 
by zeros in the contingency analyses (Table 8). The results of indepen-
dence tests on the unpooled genotype frequencies (9x3; G=l7.8; df=16) 
similarly show a lack of dependence upon size and tidal height. When 
similar ~ priori assumptions are applied with regards to the pooling 
of these data for!· sp., i.e. by size and by area, the heterogeneity 
remains non-significant (Tables 9a,b; lOa,b). 
~-






Many of the proteins assayed in this study have been routinely 
found in various species of invertebrates. Although 20 separate enzyme 
systems were assayed according to various methods, only eight of these 
yielded reliable results, The remainder of the systems either did not 
resolve or displayed bands of poor clarity, Considerable effort was 
expended in an attempt to better elucidate some of these poorly re-
solved systems. Alternate methods successfully used by various authors 
were tested as secondary methods. Zones which remained inconsistently 
resolved or systems in which no genetic interpretation was found, were 
dis~egarded, A total of twelve zones of electrophoretic activity could 
be reliably scored. The total number of enzymes assayed are presented 
in Table 11. 
Twelve discrete zones of band phenotypes were detected in gels 
assayed for the following enzymes and proteins: alkaline phosphatase 
(APR); esterase (EST); glutamate oxaloacetate aminotransferase (GOT); 
leucine aminopeptidase (LAP); malate dehydrogenase (l1DH); phosphoglu-
cose isomerase (PGI); tetrazolium oxidase (TO); and non-enzymatic 
protein (pt), 
Variation was detected in four of the twelve loci studied in 
Transennella. The patterns observed in these variable zones conform to 
Hardy-Weinberg expectations for randomly mating populations as shown 
below, Therefore it is assumed that the zones of variable enzyme 
11 
12 
activity are under the control of a polymorphic locus; the zones 
which show invariant band phenotypes are thus controlled by a mono-
morphic locus, 
Tables 12 and 13 list the loci distinguished, and give for each 
the sample size, allelic frequencies and frequencies of heterozygotes 
for each population studied, The interpretations and descriptions of the 
genetically coded enzyme systems are outlined below. 
Alkaline phosphatase (APR) Phenotypes for APR consist of a 
single band with no difference between the species. Tbis locus proved 
consistently invariant in all individuals assayed. 
Esterases (EST-1, EST-3) Esterase enzymes have broad substrate 
specificities. Initial assays using a -naphthyl acetate and S -naphthyl 
butyrate yielded a bewildering array of patterns consisting· of four or 
five zones of activity, When the latter substrate was used exclusively, 
two zones became interpretable. For the first zone, EST-1, !• tantilla 
was observed to be invariant. For !• sp., prominent dark bands of medium 
mobility were present in patterns explainable by the mechanism of segre-
gation at a single locus. At the EST-3 locus, two alleles were found 
segregating in !• tantilla, while three were detected for T. sp. None 
of the alleles were observed to be common to both species in the popu-
lations sampled. 
Glutamate oxaloacetate aminotransferase (GOT) A single anodally 
migrating band was detected. As far as could be ascertained, the mobili-
ty of the band was identical for both species. 
Leucine aminopeptidase (LAP-1, LAP-2) Two zones, corresponding 
to two loci were observed, Tbe first zone was observed to be invariant 











It is tentatively concluded that each band represents an alternate 
allele. The second zone was invariant in!· tantilla. For !• sp., the 
locus is polymorphic, and develops as a diallelic allozyme. Fast and 
slow homo zygotes are expressed as single bands, the heterozygote as 
~---------
three bands which include fast and slow bands and an intermediate ' 
"hybrid" band. 
Halate dehydrogenase (HDH) One MAD-dependent enzyme was detect-
ed, which migrated anodally. A diallelic form was observed segregating 
in T. tantilla; !• sp. is apparently monomorphic at this locus. 
Phosphoglucose isomerase (PGI-1, PGI-2) The segregational pat- ~ , __ _ 
terns of this enzyme have been discussed in a previous section. Assay of 
this system was continued during the multilocus investigation. This 
well-defined system served as a check of technique. Data in this section 
include only those clams collected during this phase of the study. 
General protein (pt-2, pt-3) Numerous zones of variable activ-
ity were detected. Variation is uninterpretable except in the case of 
pt-2 and pt-3. In!· tantilla, pt-2 developed as a diallelic phenotype; 
heterozygotes are expressed as double bands while homozygotes display 
~ -= ---------::_---
single intense bands. In!· sp., the locus is monomorphic. 
Tetrazolium oxidase (TO) The metabolic substrate of this en-
zyme is unknown. The enzyme patterns are visualized as light bands on a 
dark blue tetrazolium background. Patterns consisting of one or three 
bands were observed, Single bands are considered to be from homozygotes. 
Heterozygotes display patterns characteristic of dimeric enzymes; each 
three banded phenotype has a band corresponding in mobility to that of 
each homozygote and a band of intermediate mobility. For!· tantilla 
it is concluded that the enzyme is inherited at a single locus with t\<o 
14 
alleles. For !• sp., a third allele was observed, but only in hetero-
zygotes. 
Intrapopulational variation 
The allelic frequencies in Tables 14a, b and 1Sa, b, are the 
observed frequencies for each population and are calculated according 
to standard techniques (Spiess, 1977). The heterozygosities for each 
locus given in Tables 14 and 15 are the expected heterozygosities for 
each of the populations studied. Alternatively, heterozygosity at a 
given polymorphic locus for the data presented here may be approximated 
2 
by 1 - l: xi where xi is the frequency of the i-th allele. A locus is 
considered polymorphic when mere than one allele variant is detected in 
a frequency ?_0.01, The average over all loci of the proportion of 
heterozygous individuals per locus estimates the proportion of the loci 
which are heterozygous in an individual. For the Lawson's Flat popula-
tion, this figure is 0.122 in !• tantilla and 0.106 in !• sp.; for the 
Bodega Harbor population, it is 0.109 in !• tantilla and 0.09 in !• sp. 
The genetic variation found is summarized in Table 16. For comparative 
purposes, mean heterozygosity data for a variety of marine and terres-
trial invertebrates are presented in Table 17. 
Interpopulational genetic divergence 
The statistics of ~ei (1972) are employed to measure the degree 
of genetic similarity between the populations sampled. According to the 
method, the normalized genetic identity (I) of genes between populations 
l: xiy i 
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frequencies of the i-th alleles in populations X and Y respectively. 
2 
The probability of identity of two randomly chosen genes is jx = l: xi 
2 in population X and jy • l: y 1 in population Y; the probability of 
identity of a gene from X and from Y is jxy = l: xiyi. For all loci in 
the sample, the over all genetic identity of X and Y is defined as 
, where Jxy' Jx' and Jy are the arithmetic means over 
15 
all loci sampled of j , j , and j , The accumulated number of gene sub-xy x y 
stitutions (genetic distance) since the time of population divergence 
is D =- ln I, As for Ij• the value of I can range between 0 and 1; it 
takes a value of 1 when the distributions of allelic frequencies are 
identical. The value of D can range from 0 to "' , and approaches 0 when 
the distributions of allelic frequencies approach complete similarity in 
the population compared, 
The genetic identity, I, and the genetic distance, D, between 
the two populations of Transennella sampled are given in Table 18, The 
intraspecific genetic identity between populations of Bodega Harbor and 
Lawson's Flat for each of the species exceeds 0,99 and the genetic dis-
tance _20.005, The similarity between the observed and expected fre-
quencies of heterozygotes also suggests that the populations sampled 
approximate random mating equilibrium. For the populations sampled, the 
subtle degree of divergence which exists can be attributed to frequency 
differences of alleles at the polymorphic loci; the monomorphic loci ob-
served in each of the populations remain monomorphic for both of the 
populations sampled, and thus do not contribute to the degree of differ-' 





come from populations nearly genetically identical, or from a single 
population. 
Regarding differentiation between I· tantilla and I• sp., the 
I and D values for the Lawson's Flat populations are 0.521 and 0.650 
respectively. For Bodega Harbor populations, the I and D values are 
0;523 and 0.648 respectively. The amount of divergence found here is 
consistent with estimates of interspecies divergence reported for a 
variety of vertebrates and invertebrates (reviewed in Avise, 1976). If 
the allelic substitutions are assumed to occur at random over the whole 
genome, these values indicate, given that the number of populations 
sampled is minimal, that an average of 65 electrophoretically detectable 
allelic substitutions (D = 0.650) have occurred per 100 loci in the 
separation of the two species of Transennella. Of particular significance 
is that the degree of morphological dissimilarity is reflected in the 












Single locus considerations 
c:;---
The results of the single locus study (PGI) in the two morpho-
types of Transennella demonstrate a lack of heterogeneity in genotype 
frequencies among size groups and tidal levels, Among the factors which 
could lead to differences in the distribution of genotypes at a locus 
are: a large variance in allele frequency among parental populations 
from which immigrant zygotes originate (Wahlund effect); extensive in-
breeding within discrete subpopulations; and differential mortality of 
a PGI genotype at some time during the life cycle of the clams prior to 
sampling. 
The first of these conditions can be expected to lead to a de-
ficiency of heterozygotes in the pooled totals of the sampled subgroups 
caused by averaging different panmictic units, even though these sub-
F - -
' ------
groups may individually conform to Hardy-Weinberg expectations. It is 
~ -------
" 
evident from the pooled genotype frequencies of both morphotypes that 
there is no significant deficiency of heterozygotes, 
There are two considerations which support the absence of the 
Wahlund effect, First, although there is not yet an adequate estimate of 
variance of allele frequency over a large geographic area from which mi-
grants at Lawson's Flat could potentially originate, the data on genotype 
frequencies of the Bodega Harbor populations do not differ significantly 
from those observed at the Lawson's Flat area, A second consideration 
which is of particular interest is the lack of significance in the 
17 
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pooled size-age classes. According to Crow (cited in Schaal, 1975), 
heterozygote deficiency will result from the grouping of age classes 
with different gene frequencies, just as the grouping of different spa-
tial isolates will result in this deficiency. 
\;hen certain aspects of the Transennella populations are consid-
ered, it is· not surprising that inbreeding may not play an important 
role in the distribution of genotype frequencies at this locus. Although 
the genus is ovoviviparous with no pelagic form, the juvenile is small 
and easily transported passively by currents, resulting in wide dis per-
;_ -==-




be restricted to juveniles. Observations made during the receding tide 
indicated that larger Transennella were being conveyed along the flats 
by the currents. In some cases the clams were seen to attach with the 
byssus thread and then burrow into the sediment. These observations con-
firm those made earlier by Obrebski (1968). Although these observations 
could hardly demonstrate extensive dispersal of adult clams, they do 
suggest that Transennella is not wholly sessile, and that movement of 
' f_i___-
the adults within the tidal flats may be non-trivial. The features of ex-
~=---- -- _- --:: 
~----=--=----0- -
tensive larval and possible adult disperal argue strongly against the 
formation of subpopulations within the area sampled. 
The lack of significance in heterozygosity between low, medium 
and high tide samples suggests that the PGI locus is without selective 
import, or selection for or against a particular genotype is too small 
p---=_"--= 
to be detected with the sample sized employed. Striking differences in 
genotype frequencies have occasionally been observed for a number of 
species: e.g. Hytilus edulis (Milkman and Koehn, 1977; Mitton and Koehn, 
1973); M. edulis and Modiolus dimissus (Koehn and Mitton, 1972) and ecto-
-~:~---=--=----·· -"------=----=--'---'_;__;,_oc _ _c;,_··-----~-·-----~-- ------------------- ---------- .... -----·~--
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procts (Gooch and Schopf, 1971). However, none of these studies, with 
the possible exception of the latter, can unequivocally separate the 
action of selection from other agents which potentially affect the dis-
tribution of genotypes. 
Genetic variation 
Genetic variation has been studied in extensive numbers of ver-
tebrate and invertebrate species. Powell (1975) has prepared a compila-
tion of species studied electrophoretically and provides estimates for 
vertebrate and invertebrate species for which ten or more loci have been 
c;;·-- -----------
studied. The average proportion of heterozygous loci per individual for 
~-
71 species of vertebrates is 5%; for 58 species of invertebrates, hetero-
zygosity per individual is calculated at 14.6%. The amount of genetic 
variation in Transennella - average expected heterozygosity per individ-
ual ranges from 9.0 - 12.2% in the populations (Table 16) - is compara-
ble to estimates in other invertebrate species. The most extensively 
studied species of invertebrates is Drosophila, in which the average 
"'------~ 
' 
proportion of heterozygous loci per individual is about 15%. Three well c 
c . 
studied species of marine invertebrates include Limulus polyphemus 
;· 
c -
(Selander et al. ,1970); Homarus (Hedgecock et al, ,1975); and Hytilus 
(Beardmore, cited in Bayne, 1976); the average heterozygosities for these 
species are 10, 4, and 12% respectively. Data on the Veneridae are not 
extensive; only one of the few studies performed considers large numbers 
of loci. The survey of 30 loci in Tridacna maxima performed by Ayala et al. 
(1973) determined that this species is among the most heterozygous of all 
species studied, with a value of about 21%. Pesch (1974) has assayed four 
polynorphic loci in Mercenaria mercenaria and its southern congener 
"------~~-
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~· campechiensis. The study indicates that this species is not geneti-
cally depauperate, but the few number of loci prohibit reliable estimates 
of average heterozygosity. 
The levels of heterozygosity reported here for Transennella are 
not inconsistent with levels recorded for other marine invertebrates. In 
connection with the interpretation of results, it must be stressed that 
these are conservative estimates since they are based on gene substitu-
tions which are detectable electrophoretically. Although a mobility dif-
ference between enzymes may be taken as evidence for amino acid substi-
tution, like mobilities need not mean identical sequences. Of the 20 
common amino acids, 16 are electrophoretically neutral at the pH ranges 
employed in electrophoretic studies (Brewer, 1970). The net mobility of 
a given protein depends upon the net charge of the molecule. King and 
Wilson (1975) estimate that only 27% of the amino acid substitutions 
would result in charge changes that are electrophoretically detectable. 
The result is that many estimates of heterozygosity in natural popula-
tions may be low. Nonetheless, it is apparent that the maintenance of 
heterozygosity reported here requires an outbreeding mating system. Thus, 
~-----'- __:: __ _ 
Transennella, a protandrous hermaphrodite (Hansen, 1953) is apparently 
an obligate outcrosser. In contrast, Selander and Hudson (1976) found -----
virtually no variation in populations of the self-fertilizing pulmonate 
Rumina decollata; absence of variation in Partula gibba, which also 






Genetic differentiation between ~orphotypes ~--
A number of ~easures have been devised for evaluation of genic 
differentiation between populations. The different measures generally 
give similar results when applied to electrophoretic data. Typically, 
numerical values for these have a maximum value of 1, which occurs ••hen 
all alleles considered are identical in two populations and occur in 
equal frequencies. The minimum value of 0 is given when no alleles are 
shared between populations (i.e. complete differentiation). If a number 
of loci are studied, the similarity or identity values are averaged over 
all loci assayed. 
~-
Avise (1975, 1976) reviews genetic comparisons made between 
closely related species. Typically the similarities in a group of con-
generic species range from 0.30 to 0.80, lvith a mean of about 0.50. Low 
similarities have also been observed, albeit· infrequently, between forms 
which show little difference in visible phenotypes, such as sibling 
species. 
In contrast, high similarity values between local populations 
are rarely below 0. 90 and often exceed 0. 95. Thus, populations belong- u--------
ing to different species almost invariably show more genic differences 
than do conspecific populations. For conspecific populations, the great-
est contribution to genetic divergence comes from differences in allele 
frequencies at polymorphic loci. As for interspecific differences, not 
only the polymorphic loci, but also monomorphic loci contribute to the 
genetic distance since species are often fixed for alternate alleles at 
these loci. Thus these data on inter- and intraspecies comparisons sug-
gest that speciation may usually be accompanied by substantial genic 
differentiation. --------
22 
However, while the frequent correspondence between levels of 
taxonomic and allozymic divergence (e.g. Hubby and Throckmorton, 1965; 
Hedgecock and Ayala, 1974; Ayala, 1976) suggest that allozymes provide a 
useful indicator of genetic change, they apparently do not always do so 
(Snyder, 1974; King and Wilson, 1975; Johnson et al., 1977). In 
eyprinodon, the desert pupfish, morphologically divergent populations 
have virtually identical sets of allozymes (Turner, 1974). These excep-
tions are comparatively rare and the respective authors present plausi-
ble explanations for the low degree of divergence. 
The amounts of genetic differentiation between the morphotypes 
of Transennella correspond to levels observed in interspecific compari-
sons of a number of invertebrates, and at least reflect the morphologi-
cal dissimilarities observed in these types. Further, these data suggest 
that the number of genetically discrete morphotypes is limited to two, 
indicating that variation in the degree of pigment of T. tantilla repre-
sents a true intraspecific polymorphism. 
With respect to the genome, a large proportion of the net genetic 
distance is contributed by loci which differ qualitatively (1=0) between 
the two groups of Transennella. Generally, when little.or no overlap 
exists between allozymic genotypes of populations (intra- or inter-
specifically) these allozymes serve as diagnostic characters (Lewontin, 
1974). Numerous species have been described in this manner including 
two new species in the Drosophila willistoni group (Ayala and Powell, 
1972). The allozyme genotypes for PGI-1, LAP and MDH can be used as 
diagnostic characters to distinguish the two morphotypes; LAP-2 is es-
pecially useful since the types are fixed at alternate alleles at this 
locus. At the PGI-1 locus, which is polymorphic in both morphs for the 
- ; _____ -··--------·----
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populations studied, the distribution of genotypes shows no alleles com-
mon to both morphotypes. However, it should be noted that this picture 
could change if populations over an extensive geographic range are 
sampled. 
The amount of genetic divergence between populations of each 
morphotype from Lawson's Flat and Bodega Harbor ( >0.99) is typical of 
levels reported for numerous species populations living in similar en-
vironments located in close proximity. None of the allozyme systems de-
veloped could be used to unambiguously assign individuals to either of 
these populations. Populations at the Bodega Harbor site were not quanti-
tatively sampled with respect to population density and distribution 
over the area, but preliminary observations made during collections for 
electrophoretic analysis indicated that the morphs live sympatrically 
and that the abundances of each were comparable to those estimated at 
mid-tide levels of the sampling site at Lawson's Flat. 
There are several lines of evidence which support specific status 
of the "morphotypes" of Transennella. First, the data from the allometric 
analysis demonstrate a significant difference in shape; subjectively, 
this difference is easily identified. Second, the pigmentation patterns, 
although variable in expression, are restricted to !· tantilla. Of par-
.'-'~ '-=~ -c_-=~-cc_~-
ticular significance is that the pigment may be readily observed in the 
brood in advanced stages of development. The brood of numerous individ-
uals of both morphotypes were inspected for this character. TI1ird, the 
differences in siphonal fusion, strength of the hinge teeth, and intes-
tinal length (S. Gray, personal communication) emphasize the morphologi-
cal divergence. It is significant that this divergence is reflected in 
the genome. For the populations studied, reproductive isolation is 
===-=--=----- ---
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suggested but the nature of this isolating mechanism remains to be iden-
tified. 
Whether few loci are involved in this divergence or whether sub-
stantial similarity exists in other portions of the genome cannot be 
determined from these data. The results suggest that the conditions for 





Table 1, Mean shell length of size classes of clams assayed for PGI-1 
locus from Lawson's Flat 
Tidal Size Mean length (rnrn) ± S.E. 
height class T. tantilla T-. sp. 
A 1 1.64±.04 1.82±.05 
2 2.52±.04 2.53±.03 
3 3,69±.07 4.06±.04 
B 1 1.66±.05 1.90±.04 
2 2.49±.04 2.60±.03 
3 3. 72:!:,06 3.95±~06 
c 1 1. 58±. 07 1.91±.03 
2 2.55±,06 2.49±.05 
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Table 2. Regression analysis: length versus height for !• tantilla 
and!· sp. 
Clam Source df ss ms Fs 
A 
T. tantilla y - y 1 213.6 7 213.67 14838*** 
A 
y - y 98 1.41 0.01 
y - y 99 215.08 
A 
T. sp. y - y 1 191.58 191.58 13399*** 
A 
y - y 98 1.40 0.01 
y - y 99 192.98 
~ - ------------




Table 3a. Observed and expected genotype frequencies for PGI-1 locus of _!. tantilla from 
Lawson's Flat 
Tidal Size 
height class Genot;z:)2es N p s 
1007100 100/104 104/104 
A 1 38(38.47) 1 33(32.05) 6(6,47) 77 • 708 .037 
2 50(47.45) 21(26.09) 6 (3. 45) 77 .786 .033 
3 40(39.85) 28(28.30) 5(4.85) 73 .740 ,036 
B 1 42(40.04) 22 (25. 93) 6(4.04) 70 • 757 .036 
2 35(33,98) 27(29.03) 7(5.98) 69 • 703 .039 
3 33(30. 62) 22(26.75) 8(5.62) 63 .698 .041 
c 1 44(43.59) 28(28.81) 5(4.60) 77 • 753 .035 
2 37(36.53) 28(28.93) 6(5.52) 71 • 718 .037 














Observed frequency(expected frequency); expected heterozygosities are obtained using Levene's 
(1949) formulae for small sample sizes. 








Table 3b, Observed and expected genotype frequencies for PGI-1 locus of~. sp. from Lawson's Flat 
Tidal Size GenotJ::J2eS N 
height class 101/101 1017105 101/109 105/105 105/109 109/109 
A 1 0(0.01) 1 2(1.56) 0(0.39) 44 (41. 39) 19(21.08) 4(2,56) 69 
2 0(0.07) 5 (4,05) 0(0,80) 45(44.56) 16(17.82) 3(1.68) 69 
3 0(0.25) 8(7.30) 1(1.20) 46(46,64) 16(15.40) 1(1.20) 72 
B 1 0(0,02) 1(2.38) 2(0.58) 46(42.00) 14(20.61) 5(2.41) 68 
2 0(0.04) 4(3.32) 0(0.58) 46 (47 ,01) 18(16.64) 1(1.39) 69 
3 0(0.11) 5(4.58) 1(1.21) 39(40,03) 23(21.35) 2(2. 72) 70 
c 1 0(0.01) 1(1.63) 1(0.36) 47(44.41) 15(19.55) 4(2.05) 68 
2 0(0.02) 3(2.21) 0(0. 75) 33(35.73) 29(24.32) 2(3.97) 67 
3 0(0.04) 3(3.27) 1(0.63) 45(46.34) 19(18. 04) 2(1.66) 70 
1 
Observed frequency(expected frequency); expected heterozygosities are obtained using Levene's (1949) 
formulae for small samples. 
l'i r 
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Table 3b. (continued) 




A 1 69 • 015 .790 ,196 ,035 
~ 
2 69 .036 • 804 ,159 ,034 2. 34 
3 72 ,063 .806 .132 .033 0,44 
B 1 68 .022 .787 .191 .035 7.60 
2 69 .029 • 826 .145 ,032 1.03 ~--~ 
il 
c 
3 70 ,043 • 75 7 .200 ,036 0,53 i; 
I 
c 1 68 .015 • 809 .176 .034 4.51 
2 67 ,023 • 731 .246 .038 3.14 
3 70 .029 ,814 .15 7 .033 0,46 
r-
1df = 3. 
~----
a 
1.1'1' I' II 
II 
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Table 4a. Observed and expected genotype frequencies for PGI-1 locus of T. tantilla from 
Lawson's Flat - data pooled across size classes -
Tidal Frequency Genotn~es 
height 100/100 100/104 
A Observed 128 82 
Expected 125. 72 86.55 
B Observed 110 71 
Expected 104.70 81.59 
c Observed 125 78 
Expected 123.18 81.17 
1 
df = 1. 
,,
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14.72 227 .744 
21 
15.70 202 .720 
15 
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Table 4c. Observed and expected genotype frequencies for PGI-1 locus of T. tantilla from 
Lawson's Flat - total for all samples -
Frequency Genotypes~ __ _ __ 
100/100 100/104 104{Co4 
Observed 363 231 53 
Expected 353.34 249.58 44,07 
1 
df = 1. 
· .. 
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Table Sa. Observed and expected genotype frequencies for PGI-1 locus of T, sp, from Lawson's 
Flat - data pooled across size classes 
Tidal Frequency Genotl:2es 
height 101/101 101/ lOS 101/109 105/105 Hls/lo9 109/109 
A Observed 0 15 1 135 51 8 
Expected 0,29 12.83 2.60 134.32 54.53 5.44 
B Observed 0 10 3 131 55 8 
Expected 0.19 10.29 2.33 129.04 58,57 6,54 
c Observed 0 7 3 125 64 6 
Expected 0,11 7,85 1,93 125,57 61.97 7.53 
Tidal N p q r B 
height q 
A 210 ,038 ,800 ,162 ,019 
B 207 ,031 .790 .179 ,020 
c 205 ,024 .783 ,193 .020 
' ~~ 'Jiij~ ~:~~r 1.:111 ·1-1 ]:.; ! l 
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Table 5b. Observed and expected genotype frequencies for PGI-1 locus of !• sp. from Lawson's 
Flat - data pooled across tidal heights · 
Size Frequency Genot es 
class 101/101 101/105 101/109 105/105 105/109 109/109 
1 Observed 0 4 4 137 47 13 
Expected 0.07 6.35 1.51 128.70 61.18 7.15 
2 Observed 0 12 0 124 63 6 
Expected 0.16 9.45 2.20 127. 15 59.22 6.78 
3 Observed 0 16 3 130 60 3 
Expected 0.40 15.09 3.10 133.03 54.79 5.54 
Size N p q r s 
class q 
1 205 .020 , • 793 .188 0,02 
2 205 .029 .788 .183 0,02 
3 212 .045 • 792 .163 0,02 
:I; ;;n :::m1r1 liD;,::[: r·:r:-:r--·n :lill 
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Table 5c. Observed and expected genotype frequencies for PGI-1 locus of T. sp. from Lawson's 
Flat - total for all samples 
Frequency Genotypes 
101/101 101/105 10l[i09 1057105 105/109 109/109 
Observed 0 32 7 391 170 22 
Expected 0.60 30.59 6.88 389.07 174.93 19.66 
1 
df = 3. 






Table 6a, Test of independence (G-statistic) for PGI-1 locus of 
T, tantilla from Lawson's Flat - gene frequency data for three tidal 
heights within each size class 
Size Tidal Alleles N G df 
class height 100 104 
1 A 109 45 154 
B 106 34 140 
c 116 38 154 
r: 331 117 448 1.17 2 
2 A 121 33 154 
B 97 41 138 
c 102 40 142 
r: 320 114 434 3.03 2 
3 A 108 38 146 
B 88 38 126 
c 110 30 140 
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Table 6b. Test of independence (G-statistic) for PGI-1 locus of 
T. tantilla from Lawson's Flat - genotype frequency data for three 
tidal heights within each size class 
37 
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Table 7a. Test of independence (G-statistic) for PGI-1 locus of 
T. tantilla from Lawson's Flat - gene frequency data for three size 
classes within each tidal height 
38 
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Table 7b. Test of independence (G-statistic) for PGI-1 locus of 
!· tantilla from Lawson's Flat - genotype frequency data for three 




Table 8, Goodness of fit (observed and expected frequencies) forT. sp. from Lawson's Flat-
101 
combined with PGI105 frequency of rare allele PGI 
2 
Tidal Size Gene t;)~]~es N p q. s X 
height class 1057105 1057109 109/109 
A 1 46 (44.52) 1 19(21,91) 4(2,57) 69 ,804 ,196 ,034 1.232 
2 50(48,62) 16(18,68) 3(1,70) 69 • 840 ,160 ,031 1.42 
3 54(54.18) 17(16.61) 1(1.20) 72 • 868 .132 .028 0,05 
B 1 47(44.41) 16(21.18) 5(2.41) 68 • 809 .191 ,034 3.23 
2 50(50.39) 18(17 ,22) 1(1.39) 69 .855 .145 .030 0.15 
3 44(44. 72) 24(22.56) 2(2.72) 70 • 800 .200 ,034 0.40 
c 1 48(46.05) 16(19.90) 4(2.04) 68 ,824 .176 ,033 2. 72 
2 36(37. 97) 29(25.06) 2(3,97) 67 • 754 ,246 .037 1. 70 
3 48(47,98) 20(20.02) 2(1.99) 70 • 829 .171 .032 0.02 
1 
Observed frequency(expected frequency); expected heterozygosities are obtained using Levene's 
(1949) formulae for small samples. 
2 
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Table 9a. Test of independence (G-statistic) for PGI-1 locus of 
T. sp. from Lawson's Flat - gene frequency data for three tidal 
heights within each size class 
Size Tidal Alleles N G df 
class height 101 105 109 
1 A 2 109 27 138 
B 9 107 26 142 
c 3 109 24 136 
l: 14 325 77 416 5. 86 4 
2 A 5 111 22 138 
B 4 114 20 138 
c 3 98 33 134 
l: 12 323 75 410 5.56 4 
3 A 9 116 19 144 
B 6 106 28 140 
c 4 114 22 140 












Table 9b. Test of independence (G-statistic) for PGI-1 locus of 
T. sp. from Lawson's Flat - genotype frequency data for three tidal 
heights within each size class 
Size Tidal Genoty2es N G 
class height 
105/105 1 105/109 109/109 
l A 46 19 4 69 
B 47 16 5 68 
c 48 16 4 68 
E 141 51 13 205 0.53 
2 A 50 16 3 69 
B 50 18 l 69 
c 36 29 2 67 
1: 136 63 6 205. 8.48 
3 A 54 17 l 72 
B 44 24 2 70 
c 48 20 2 70 
1: 146 61 5 212 2.64 
1 Rare allele PGI
101 
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Table lOa, Test of independence (G-statistic) for PGI-1 locus of 
_!. sp, from Lawson's Flat - gene frequency data for three size 
classes within each tidal height 
Tidal Size Alleles N G 
height class 101 105 109 
A 1 2 109 27 138 
2 5 111 22 138 
3 9 116 19 144 
l: 16 336 68 420 6.34 
B 1 9 107 26 142 
2 4 114 20 138 
3 6 106 28 140 
l: 19 327 74 420 3.73 
c 1 3 109 24 136 
2 3 98 33 134 
3 4 114 22 140 

















Table lOb. Test of independence (G-statistic) for PGI-1 locus of 
T. sp. from Lawson's Flat - genotype frequency data for three size 
~lasses within each tidal height 
44 
Table 11, Enzyme and protein systems assayed in Transennel1a 
populations 
System Abbreviation Result 1 
1. Acid phosphatase ACPH + 
2. Esterases EST + 
3. General protein pt + 
4. Glutamate-oxaloacetate transaminase GOT + 
5. Leucine aminopeptidase LAP + 
6. Malate dehydrogenase MDH + 
7. Phosphoglucose isomerase PGI + 
8. Tetrazolium oxidase TO + 
9. Adenylate kinase AD KIN 
10. Alcohol dehydrogenase ADH 
11. Alkaline phosphatase APR 
12. Amylase Am 
13. Glucose-6-Po4-dehydrogenase G-6-PDH 
14. Hexokinase HK 
15. Isocitrate dehydrogenase IDH 
16. Malic enzyme ME 
17. Octanol dehydrogenase ODH 
18. Phosphoglucomutase PGM 
19. Sorbitol dehydrogenase SDH 
20. Xanthine dehydrogenase XDH 
1 + Responsive in one or both morphs; - = Unresolved. 
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Table 12. Allelic frequencies at twelve protein loci in populations 
of T. tantilla 





APH 100 33 1.00 25 1.00 
HETl EXP2 0.00 0.00 
EST-1 100 60 30 
102 1.00 1.00 
104 
HET EXP 0.00 0.00 
EST-3 97 63 30 ~~------ --~~--= 
99 .175 .200 I' 
101 .826 .800 
103 
HET OBS .253 .266 
EXP .291 . 325 
GOT 100 30 1.00 20 1.00 
HET EXP 0.00 o.oo 
LAP-1 100 60 42 
102 1.00 1.00 
HET EXP 0.00 0.00 ---------




110 1.00 1.00 
HET EXP 0.00 0.00 
HDII 97 70 40 
100 .857 .837 --------
104 .143 .162 
HET OBS .200 .225 




1 HET = !'umber of heterozygous individuals per population calculated 
from Levene's (1949) fomu1ae for small sample sizes. 
2 EXP = Expected frequency; OBS = Observed frequency. 
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Table 12. (continued) 





PGI-1 100 80 .740 40 .810 
101 
104 .260 .190 
105 
1091 
HET OBS2 .325 .250 
EXP . 385 .308 
PGI-2 100 80 1.00 40 1.00 b--
HEr-· EXP 0.00 0.00 
p·--
~ 
pt-2 100 52 .883 28 .946 
104 .117 .054 
HET OBS .167 .107 
EXP .208 .104 
pt-3 100 52 1.00 30 1.00 
HET· EXP 0.00 0.00 
TO 100 53 . 792 31 .820 
102 .208 .180 
104 ~-----
-.---
HET OBS .264 .225 
EXP .333 .296 
~ c 
1 HET = Number of heterozygous individuals per population calculated 
from Levene's (1949) formulae for small sample sizes. 
-------
2 EXP = Expected frequency; OBS = Observed frequency. ---------
Table 13. 
of .!.• sp. 
Allelic frequencies at twelve protein loci in populations 




25 1.00 24 1.00 
HET1 o.oo o.oo 
EST-1 100 50 .116 31 .134 
102 
104 .883 .866 
HET OBS .166 .200 
EXP .206 .235 
EST-3 97 52 .048 35 .040 
99 .029 .060 
101 
103 .923 .900 
HET OBS • 154 • 200 
EXP .144 • 188 
GOT 100 20 1.00 19 1.00 
HET EXP o.oo o.oo 
LAP-1 100 60 1.00 20 1.00 
102 • !lET EXP o.oo o.oo 
LAP-2 104 48 .864 30 .900 
106 .094 .083 
108 .042 .017 
110 
HET OBS .229 .200 
EXP .245 .185 
MDH 97 75 1.00 30 1.00 
100 
104 
HET EXP 0.00 o.oo 
1 HET = ::-lumber of heterozygous individuals per population calculated 
from Levene's 0949) formulae for small sample sizes. 













Table 13, (continued). 
Locus Alleles N Lawson's N 
Flat 





HETl OBS2 .280 
EXP • 342 
PGI-2 100 75 1.00 24 
HET EXP o.oo 
pt-2 100 54 1.00 40 
104 
HET EXP o.oo 
pt-3 100 50 1.00 30 
HET EXP o.oo 
TO 100 53 • 802 40 
102 .142 
104 .05 7 
HET OBS .340 
EXP .338 
1 
HET = Number of heterozygous individuals per population 
from Levene's (1949) formulae for small sample sizes. 


































Table14a. Hardy-Weinberg statistics for polymorphic loci of T.tantilla 
from Lawson's Flat 
Locus Genotype Freguencl N p q 
Observed Expected 
EST-3 99/99 3 1. 86 63 .175 • 826 
99/101 16 18.36 
101/101 44 42.91 
MDH 100/100 53 51,35 70 .143 • 857 
100/104 14 17.28 
104/104 3 1.37 
PGI-1 100/100 46 43.71 80 • 740 .260 
100/104 26 30.98 
104/104 8 5.31 
pt-2 100/100 48 46.73 60 .883 .117 
100/104 10 12.50 
104/104 2 o. 77 
TO 100/100 35 33.16 53 • 792 .208 
100/102 14 17.63 




Tablel4b, Hardy-Weinberg statistics for polymorphic loci of 
T. tantilla from Bodega Harbor 
Locus Genotype Freguencl! N p 
Observed Expected 
EST-3 99/99 2 1.12 30 .200 
99/101 8 9. 76 
101/101 20 19. 12 
MDH 100/100 29 27.95 40 .163 
100/104 9 11.05 
104/104 2 0.99 
PGI-1 100/100 27 26.17 40 .810 
100/104 10 12.47 
104/104 3 1.37 
pt-2 100/100 25 25.03 28 .946 
100/104 3 2. 91 
104/104 0 0.06 
TO 100/100 22 20.92 31 .823 
100/102 7 9.18 
102/102 2 0,90 
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Table 15a. Hardy-Weinberg statistics for polymorphic loci of !• sp. 
from Lawson's Flat 
Locus Genotype Freguencl N p q r 
Observed ExpeCted 
EST-1 1001100 2 o. 76 60 .883 .116 
1001104 10 12.39 
1041104 48 46.73 
EST-3 97197 0 0.10 52 .048 .029 .923 
97199 0 0.15 
97 I 103 5 2.81 
99199 0 0.03 
991103 3 2.81 
1031103 44 44.26 
LAP-2 1041104 36 35.77 48 • 864 .094 .042 
104/106 7 7.87 
1041108 4 3.52 
1061106 1 0.38 
1061108 0 0.38 
1081108 0 0.06 
PGI-1 1011101 0 o.os 75 .030 .790 .180 
1011105 3 3.58 
1011109 2 0.82 
10s I 105 49 46.72 
1051109 16 21.47 
109 I 109 5 2.36 
TO 1001100 34 34.01 53 .802 .142 .057 
1001102 12 12.18 
100/104 5 4.89 
102/102 1 1.00 
1021104 1 0.87 













Table lSb. Hardy-l<cinberg statistics for polymorphic loCi of T. sp. 
from Bodega Harbor 
Locus Genotype Freguenc;t N p q r Observed Expected 
EST-3 97/97 0 0.09 35 .057 .043 .900 
97/99 0 0.17 
97/103 4 3.64 
99/99 0 0.04 
99/103 3 2.75 
103/103 28 28.30 
LAP-2 104/104 24 24.25 30 .900 .083 .067 
104/106 5 4.56 
104/108 1 0.93 
106/106 0 0.17 
106/108 0 0.08 
108/108 0 0.00 
PGI-1 101/101 0 0.00 122 .010 .890 .100 
101/105 1 0.90 
101/109 0 0.10 
105/105 96 97.33 
105/109 25 22.41 
109/109 0 1.23 
TO 100/100 26 24.75 40 .738 .200 .012 
100/102 10 12.76 
100/104 1 o. 77 
102/102 3 1.52 
102/104 0 0.19 














Table 16. Summary of genetic variation in Transennella 
T. tantilla T. SJ2• 
I 
Lawson's Bodega Lawson's Bodega 
Flat Harbor Flat Harbor 
I. 
Number of loci 12 12 12 12 1: 
I 
Average number of individuals 
I! per locus 58.08:!:4.51 32.25:!:1.97 53.08:!:5.08 37.08±7.96 
I• 
Average number of genomes 
per locus 116. 16±9. 02 64.33:!:3.98 106.16±10.17 74.16:!:15.93 
Average number of alleles 
per locus 1.42±0.15 1.42±0.15 1.75±0.08 1.75±0.08 
Proportion of loci hetero-
zygous per individual 
Observed 0.10±0.04 0.09±0.03 0.10:!:0.04 0.10±0.04 
Expected 0.12±0.05 0 ,11:!:0 .04 0,11:!:0.03 0.09:!:0.03 
Total number of heterozygotes 
Observed 80 37 68 56 
Expected 96.75 45.37 73.72 56,57 
Total number of homozygotes 
Observed 625 350 569 389 






I .1 , 1 ' I : : tt~ 1: I ~ I~ • - : il ~ 1.-:l Iii ,n_:: ;: r 













I I' i I 
Table 17. Sample of invertebrate species for which estimates of 
genetic variability have been made 
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References: 1) Schopf and Hurphy (1973); 2) Hedgecock and Nelson, cited 
in Valentine (1976); 3) Anderson, cited in Valentine (1976); 4) Ayala 
et al. (1975); 5) Levin ton and Koehn (1976); 6) Ayala et al. (1973); 7) 
Woodruff (1975); 8) Powell (1975); 9) Johnson et al. (1977). 
56 
•· Tabl~ 18. Genetic index (I) and genetic distance (D) between population 
samples of T. tantilla and !• sp, 
Populations sampled I D 
!· tan till a (LF) 
1 
X T. sp. (LF) ,521 .650 
T. tantilla (BH)
2 
X T. sp. (BH) .523 .648 
T. tanti.lla (LF) X T. tantilla (BH) .996 .004 
T. sp. (LF) X T. sp. (BH) .998 .002 
1 LF = Lawson's Flat. 
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Genotypes: 
M = PGI 100/100 
AB = PGI 100/104 
BB = PGI104/104 
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DD = PGr101/ 101 
DE= PGr101/105 
EE = PGr105/105 
EF = PGI 105/109 
FF = PGI 109/109 





F.igure 1. PGI-1 phenotypes observed in populations of T. tantilla and T. sp. from Lawson's 
Flat. Anode is at top of graph; molalities are measured as the distance from the origin. 
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Figure 2. Comparisons of Lawson's Flat samples pooled by size and tidal height using estimation 
of confidence limits from binomial standard errors. "' co 
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